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Abstract
Cutting fluids have been used successfully in machining to extend tool life of the cutting tool, but the issues related to 
environment, health, and manufacturing cost suggest lessening their use whenever possible. Minimal quantity lubrication (MQL), 
which sprays small amount of cutting fluid (in the range of approximately 10 – 100 ml/h) to the cutting zone area with the aid of 
compressed air was an alternative for this. Vegetable oils are considered for use in MQL due to their good lubrication and high-
pressure performance. This study evaluates the performance of coated carbide cutting tools in term of tool life under MQL with 
flow rate of 50 ml/h using castor oil as the cutting fluid. The workpiece is hardened AISI 420 stainless steel (with 47 – 48HRC
hardness). The performance evaluation was done under different cutting speeds (of 100, 135 and 170 m/min) and feeds (0.16, 0.2 
and 0.24 mm/rev). The cutting tool performs well at all cutting parameters combinations. Empirical models for tool life as a 
function of cutting speed and feed was developed within the range of cutting parameters evaluated. It was found that tool life is 
inversely proportional to both cutting speed and feed, with the effect of cutting speed is more significant than feed.
© 2015 The Authors. Published by Elsevier B.V.
Selection and Peer-review under responsibility of the Scientific Committee of MIMEC2015.
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1. Introduction 
Using cutting fluids in machining process has significant effect in reduction of temperature and lubrication to tool 
and workpiece, which in turn results in longer tool life. However, for the cases of high production machining, the 
high cutting region temperature causes failure of the cutting tools and dimensional deviation and surface integrity 
damages of the product [1]. Conventional cutting fluids flop to transfuse the tool-chip interface and consequently 
fail to strip the heat generation in the cutting zone [2]. Also, cutting fluids increase the total amount of machining 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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cost. Many researchers also reported that machining costs are totally high due to the cutting fluids which are 
considerably of higher than cost of the cutting tools [3]. Furthermore, it is widely known that using cutting fluids in 
machining has side effects to the environment and workers’ health. Also was reported that reduction of cutting fluids 
use is economically advantageous through reducing the handling cost of the cutting fluid [4]. Due to these issues of 
using fluids in machining that need to be solved,  then, minimizing the use of cutting fluids can be considered as an 
economical stimulant [3]. Due to that, some alternatives have been explored to reduce or avert the use of cutting
fluids in machining.
Minimum quantity lubrication (MQL) has become a significant alternative technique because of its 
environmentally friendly and economically beneficial nature.  MQL is a technique which sprays small amount of 
cutting fluid (in the range of approximately 10-100 ml/h) to the cutting zone area with the aid of compressed air. 
MQL provides better overall performance than dry and conventional wet turning in terms of being able to increase 
tool life, to reduce cutting forces and temperature, and to enhance surface quality, which is beneficial 
environmentally and also economically [5,6]. It was used in machining various workpiece materials, including 
steels, aluminium alloys, and inconel, using carbide tools [7,8,9]. Using MQL, cutting fluids can penetrate deep into 
the tool-chip and tool-workpiece interface, hence the positive results.
The type of cutting fluid is also a significant factor in machining. Investigations have been done using different 
types of fluid [10]. Examples include a report that emulsion fluids without mineral oil showed better result than 
synthetic fluids and emulsions with mineral oil when turning hardened stainless steel (49 HRC) using mixed 
alumina tools. In this present study, use of vegetable oil as cutting fluid is of interest. Vegetable oils are common 
cutting fluids used in MQL because of its superior lubrication and high-pressure performance [11]. Vegetable oils 
have the image of environmental friendliness in terms of resource renewability, biodegradability, and performance 
efficiency in many applications. Some positive results have been reported for their use in MQL. Khan et al. [12] 
reported that MQL improved machinability performance when turning AISI 9310 alloy steel using vegetable oil as 
cutting fluid. Employing minimum quantity lubricant of 50 ml/h during machining Inconel 718 at high cutting speed 
may improve tool life by 38 % [13]. This study is to evaluate the performance of coated carbide cutting tools under 
MQL in term of tool life using castor oil as cutting fluid. The workpiece is hardened stainless steel (47 – 48HRC).
2. Experimental details
The experiments were conducted on Alpha 1350 S CNC lathe and the selected conditions/values of the variables 
are given below:
x Cutting tool: fine grained WC-6 wt% Co substrate covered with TiAlN coating. The coating thickness was 3.0 to 
3.5 mm. The coated carbide tool has an ISO designation of CNMG 120408.
x Workpiece material: AISI 420 stainless steel bar with hardness of 47–48 HRC. The chemical composition of this 
workpiece was 0.38% C, 0.9% Si, 0.5% Mn, 13.6% Cr and 0.3% V, as informed by the manufacturer.
x Tool geometry: nose radius of 0.8 mm with wiper geometry. The tool was mounted on a right tool holder with an 
ISO designation of MCLNR 1616H12 giving -ÛVLGHDQGEDFNUDNHDQJOHÛVLGHDQGHQGFXWWLQJHGJHDQJOHDQG
0Ûrelief angle.
x Cutting conditions: cutting speeds of 100, 135 and 170 m/min, feed of 0.16, 0.2 and 0.24 mm/rev. Depth of cut 
and flow rate of lubricant were kept constant at 0.2 mm and 50 ml/h, respectively.
x The measured response was the tool life. The criteria of tool life were set at maximum flank wear of 0.12 mm or 
when the tool is broken (catastrophic failure). Tool wear was measured using digital microscope (Zeiss, type 
Stemi 200-C). It was measured at every preset cutting time until the tool wear met one the tool life criteria. The 
measurements were taken without removing the tool out from its holder to avoid deviation error. Design Expert 
software was used to analyze the data collected and the relationship between cutting parameters selected and tool 
life as the response. The data collected of tool life was analyzed using regression to determine the relationship 
with factors investigated (cutting speed and feed rate). A regression was performed whereby an observed, 
empirical variable (response) is approximated based on a functional relationship between the estimated variable. 
Statistical software (Stat Ease Design Expert) for the convenience of designing the experiments conducted and 
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analyzes the data collected. Three level factorial design with two investigated factors with three center points was 
used for the experimental design. A total of eleven sets were conducted (Table 1).
3. Results and Discussion 
3.1. Tool Life. 
Tool life data are presented in Table 1. As expected, tool life decreases with increase in both cutting speed and 
feed. Coated carbide cutting tools was able to perform at high hardness of 48 HRC in range of cutting parameters 
selected. Maximum tool life of 33.7 min was obtained at low combination of cutting speed and feed whereas the 
shortest tool life was 1.5 min at high combination of cutting speed and feed rate as explained in Fig.1. This 
significant result of tool life was in line with what was reported by [13] when turning hardened steel (AISI 4340) of 
46 HRC with speed of up to 120 m/min and feed of 0.1 mm/rev under MQL technique. The cutting fluid with MQL 
technique was able to penetrate deep into the tool-chip and tool-workpiece interface which supports coated carbide 
tool to perform better at high cutting condition and resulted in longer tool life.
Table 1. Result tool life of coated carbide cutting tools under MQL condition
Standard
No.
Cutting speed
(m/min )
Feed
(mm/rev)
Tool life
(min)
1 100 0.16 33.7
2 135 0.20 8.3
3 135 0.20 7.4
4 135 0.20 8.2
5 135 0.24 3.9
6 100 0.20 31.7
7 170 0.20 2.2
8 100 0.24 20.1
9 170 0.24 1.5
10 170 0.16 6.8
11 135 0.16 8.4
 
Fig. 1. Tool life of wiper coated carbide tool at various cutting speeds and feeds
The data was used to determine empirical equations on the effect of cutting parameters to the tool life. The 
guidelines are explained elsewhere [14]. The ratio between the maximum value of tool life and the minimum value 
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was 22.47, which is greater than 10. So, transformation power is required to develop the mathematical model for the 
tool life data. Square root was the selected for having the minimum residual sum of square among transformation 
powers. Afterwards, analysis of variance (ANOVA) was performed to determine the significance of the regression 
and each factor within the equation. It was found that square of feed and product of speed and feed were not 
significant factors and therefore were omitted from the model. From Table 2, it can be determined that the model 
and the remaining factors (speed, feed, and square of speed) are significant. Tool life was influenced by both cutting 
speed and feed. This finding is as expected; similar to the result reported on similar hard turning performed in dry 
(without cutting fluid) [14]. Compared to the dry turning process, the tool life obtained in this MQL turning was 
higher for all combinations of cutting speed and feed.
Table 2. Analysis of variance for quadratic model (partial sum of square) of the tool life as response
Source Sum of square Degree of freedom Mean square F value Prob>F
Model 23.00 3 7.67 99.73 <0.01 Significant
A (speed) 18.74 1 18.74 243.71 <0.01
B (feed) 2.19 1 2.19 28.54 <0.01
A² 2.07 1 2.07 26.94 <0.01
Residual 0.54 7 0.08
Lack of fit 0.52 5 0.10 13.45 0.07 Not significant
Pure error 0.02 2 0.01
Cor total 23.54 10
R² 0.98
Adequate precision 28.37
Coefficient of determination (R²) was so close to one which means the model estimates the data of the tool life 
very well. Also, adequate precision ratio which measures signal to noise ratio was greater than 4, which is desirable.
Equations 1 and 2 presented the developed quadratic model for tool life of coated carbide cutting tool as in coded 
factors and actual factors, respectively. For the equation in coded factor, it is:
Sqrt (Tool life) = +2.67- 1.77 * A – 0.60 * B + 0.87 * A² (1)
where A and B are the independent factors in coded values, i.e. cutting speed and feed, respectively. From the 
equation, considering the coefficient of each factor, it can be said that factor A, which is cutting speed, is more 
influential to the tool life compared to factor B (feed). As for the actual factor, the equation becomes:
Sqrt (Tool life) = +25.47 – 0.24v – 15.12f + 7.11E-004v² (2)
where v is cutting speed (m/min) and f is feed (mm/rev).
Another experiment was conducted to test the validity of the model. The experiment was set at 135 m/min cutting 
speed and 0.24 mm/rev feed. The actual result of tool life obtained was 3.6 min. For this cutting parameters 
combination, the predicted tool life was 4.2 min, and with confidence interval of 95%, the tool life should be in the 
range between of 2.76 min and 6.01 min. The experimented value obtained which is within the range of predicted 
values means that the empirical model is valid to represent the data of tool life for the particular turning operation in 
the range of parameters selected. Further, it can be said that to achieve long tool life, it is recommended to use low 
cutting speed and feed when turning hard stainless steel using coated carbide cutting tool [15].
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4. Conclusion 
Hardened AISI 420 stainless steel (hardness of 47 – 48 HRC) was turned under MQL technique using wiper 
coated carbide cutting tool at different cutting speeds (100, 135 and 170 m/min) and feeds (0.16, 0.2 and 0.24 
mm/rev). Results showed that, using small amount of lubricant of 50 ml/h during turning process was given the tool 
the ability to perform at high range of cutting speed and feed. MQL technique can be a good technique to turning 
hard stainless steel using coated carbide cutting tools up to 170 m/min and 0.24 mm/rev. Empirical models for tool 
life was developed within the range of cutting parameters selected. The developed tool life model represented the 
data of tool life very well within the range of cutting speeds and feeds. Tool life is inversely proportional to both 
cutting speed and feed, with the effect of cutting speed is more significant than feed.
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